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ABSTRACT. Several hypotheses were proposed concerning the phylogeny 
of Collembola. They were all controversial due to the differences in 
character weighting as well as in methodology. In order to elucidate the 
phylogenetic relationship among groups of the suborder Arthropleona 
(Collembola), the morphological characters and the 18S rDNA nucleotide 
sequence data were analyzed in seven species of six families. Cladistic 
analysis was made with 28 morphological characters. Molecular phylogenies 
were also constructed by using the distance (neighbor-joining) and parsimony 
methods. The phylogenetic inference resulting from the morphological 
anaysis supports the traditional classification of Arthropleona in two 
superfamilies, Poduroidea and Entomobryoidea. The molecular results of 
the neighbor-joining method shows the limited congruence with the result 
produced by the morphological analysis. However, all the members of 
Poduroidea from a monophyletic lineage in both analyses. Within Poduroidea, 
the present study from morphological and molecular viewpoint indicates 
that the genus Gulgastrura should be excluded from the family Hypo- 
gastruridae as a separate lineage, allied with Onychiurus (Onychiuridae). 
The relationships of the families of Entomobryoidea proposed by early 
workers and the present morphological studies were not consistent with 
the present molecular data except, those processed with PAUP. 
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INTRODUCTION 


The classification and phylogenetic relationships among groups 
of the order Collembola have been a subject of disagreement among 
various authors (MAYNARD 1951, PACLT 1956, Yosi 1961, SALMON 
1964, CASSAGNAU 1971, UCHIDA 1971, MASSOUD 1976). The situation 
is the same in the suborder Arthropleona within Collembola. Tradi- 
tionally the suborder Arthropleona was classified in two superfamilies, 
Poduroidea and Entomobryoidea (BORNER 1901). However, several major 
questions concern the relatedness among families of each superfamily. 
In Poduroidea, some authors regarded the family Onychiuridae as 
more closely related with the family Hypogastruridae (Yost 1961, 
SALMON 1964), whereas others considered the family Neanuridae closer 
to the family Hypogastruridae (PACLT 1956, CASSAGNAU 1971, UCHIDA 
1971, MASsouD 1976). Furthermore, it was suggested that Neanuridae 
and Hypogastruridae should be treated as two subfamilies of Hypo- 
gastruridae (CHRISTIANSEN, BELLINGER 1980). The systematic position 
of the genus Gulgastrura is also questionable, though traditionally 
this genus was included in Zypogastruridae. The morphological 
character reexamination of Gu/gastrura as well as intermolting period 
investigation suggest a great divergence it should have undergone 
during its evolution from any existing Collembola groups (LEE, THIBAUD 
1987). 

In Entomobryoidea, there are also controversial views in the rela- 
tedness of Tomoceridae with other families. Some authors treated 
Tomoceridae as more closely related to Entomobryidae (PACLT 1956, 
CASSAGNAU 1971, MASSOUD 1976) while others considered Tomoceridae 
to be closer to Jsotomidae (SALMON 1964, UCHIDA 1971). Another 
view assigned Tomoceridae as a subfamily of Entomobryidae (CHRIS- 
TIANSEN, BELLINGER 1980). 

Under the controversial views on the classification and phylogeny 
of these apterygote insect, an attempt at applying a different method 
was made by one of the present author who emploved the cladistic 
analysis of morphological characters in subfamilial rank of Neanuridae 
(LEE 1985). Also molecular approaches such as isozyme or allozyme 
analysis were used by various authors to ascertain the intra- or inter- 
population, as well as inter-speciecific variation (DALLAI et al. 1983, 
FANCIULLI et al. 1985, 1986a,b, 1991, LEE et al. 1984, 1985, LEE, 
PARK, 1991). However, no efforts were aimed at testing any previous 
classification systems at the superfamily or family level of the suborder 
Arthropleona. 
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The arthropleonan phylogeny was examined in the present study 
by employing the cladistic analyses of morphological characters and 
18S rDNA sequence data. The 18S rDNA sequence data are known as 
be effective in resolving the relationships among crustacean taxa at 
the infraorder level; such studies include that by one of the present 
authors (KIM and ABELE, 1990, SPEARS et al., 1992). In Collembola, 
the complete sequences of 18S rDNA of two species, Hvpogastrura 
dolsana and Crossodonthina koreana were fully determined by a few 
of the present authors and the variability of the molecule was discussed 
(HWANG et al., in press). We present here the 18S rDNA sequence 
data for the inferences on the relationships among superfamilies and 
families of the arthropleonan Collembola insects. 


MATERIALS AND METHODS 


Four species presumably representing each family of the superfamily 
Poduroidea and three species of families of the superfamily Entomo- 
bryoidea were collected from several localities of South Korea (Table 1). 
Specimens were cither directly collected from soil and litter using 
brush or by extracting them with BERLESE funnels for 72 hours with 
lights on them. 

Twenty eight morphological characters were selected for cladistic 
analysis and Protura were used as an outgroup to determine the character 
polarity among the groups of Arthropleona (Table 2). The data matrix 
of transformation series was prepared (Table 3) and analyzed using 
PAUP (Phylogenetic Analysis Using Parsimony) Version 3.0 program 
(SWOFFORD 1990). 

In order to analyze the 18S rDNA nucleotide sequences of the seven 
arthropleonan species, published data were used for two species, and the 
complete sequences were determined for five species by means of PCR cloning 


molecule (TACCTGGTTGATCCTGCC, TAATGATCCTTCCGCAGGTT). PCR- 
reaction was performed for 30 cycles (annealing 2', 52*C; extension 
3'. 72°C denaturation 1; 94°C). For blunt-ended ligation, the resulting 
fragments were modified using T4 Kinase and T4 Polynucleotide 
Polymerase by means of double Geneclean method (BIO 101). They 
were cloned in pUC 118. Sequencing was conducted by Taqtrac kil 
(Promega Co.) (KIM et al. 1992). 

The sequence data were aligned by using the programs FASTA 
(PEARSON 1990) and Clustal V (HIGGINS et al. 1992). Molecular phylo- 


List of Collembolan species used in the present study; N = number of 18S rDNA nucleotides sequenced 


Classification 


Phylum Arthropoda 
Class Insecta 
Order Collembola 
Suborder Arthropleona 
Superfamily Poduroidea 
Family Hypogastruridae 
(?) 
Family Onychiuridae 
Family Neanuridae 
Superfamily Entomobryoidea 
Family Entomobryidae 
Family /sotomidae 
Family Tomoceridae 


з Юю 


U^ 


зе 


Table 1 


Species 


Hypogastrura dolsana LEE and KIM, 1994 
Gulgastrura reticulosa YOSIL 1966 
Onychiurus gangjinensis LEE and KIM, 1994 
Crossodonthina koreana YOSI and LEE, 1963 


Homidia koreana LEE and LEE, 1981 
Isotoma choi LEE, 1977 
Tomocerus kinoshitai YOSIL 1954 


N 


1.811 bp 
1,810 bp 
1,805 bp 
1,811 bp 


1.808 bp 
1,810 bp 
1.810 bp 


Abbreviation 


шә 


p 


eI DAY 
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Table 2 


Transformation series of morphological characters. O, Plesiomorphy; 1-3, Apomorphies 


Character 


. Body pigment 


Integument 
Antennae 
Ant. Ш & IV 
Ant. annulate 


. Apical organ 


Ш.А.О. 
Р.А.О. 


. Pseudocelli 

, Eyes 

. Mouthparts 

. Spiracles on Th. Ш & IV 
> Fiz 1 

. Setae on Th. I 
. Body scale 

. Setae 

. Bothriotrichia 
. Troch. organ 

. Claw 

. Abd.segm. 

- Anamorphosis 
. Abd. Ш & IV 
. Abd. 1-1 

. Ventral tube 

- Tenaculum 


26. Furcal complex 


. Dental spines 
. Anal spines 


Character states 


absent(0), coloured(1), with striking pattern(2) 

granulated(0), strongly tuberculated or smooth(1) 

absent(0), present, 4 segm.(1), present, 4-6 segm.(2) 
absent(0), subequal(1). апі. > IV(2), commonly fused dorsally(3) 
w/o Ant.(0), absent(1), sometimes present(2), present(3) 

w/o Ant.(0), absent(1), present(2), 

w/o Ant.(0), simple type(1). complex type(2), absent(3) 
vesicle, one tubercle(0), oval shape, few vesicles(1), 

long, many vesicles(2), vesicles absent(3) 

present(0), absent(1) 

present(0), absent(1) 

chewing(0), modified for sucking(!) 

often present(0), absent(1) 

visible(0),dorsally regressed but ventrally not(1), regressed(2) 
present(0), absent(1) 

absent(0), often present(1), present(2) 

simple(O),slightly differentiated(1), with many macrosetae(2) 
absent(0), sometimes present(1), present(2) 

absent(0), only in troch.(1), in troch. & femur(2) 
complete.simple(0), only Ung.(1), developed Ung. & Ungcl.(2) 
12 segm.(0), 6 segm.(1) 

present(0), absent(1) 


_subequal(0), Abd. Ш < IV(1) 


with proleg(0), without prolegs(1) 

absent(0). present(1) 

absent(0),present, simple(1), developed(2) excessive reduction(3) 
absent(0), normal(1), developed(2) excessive reduction(3) 
absent(0), often present(1), présent(2) 

ofien present(0), present(1) 


genetic trees were constructed by two different tree making approaches, 
the distance (neighbor-joining) method using MEGA version 1.01 
software (KUMAR et al. 1993) and the character-state (maximum parsi- 
mony) method using the PAUP program. Bootstrap method of data 
resampling (FELSENSTEIN 1985) was applied to evaluate the significance 
of the result. 


RESULTS AND DISCUSSIONS 


The cladistic analysis of morphological characters yielded a single 
minimum-length tree with 56 steps (Fig. 1). The consistency index 
was 0.893. In this tree, Arthropleona were subdivided into two branches. 
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Table 3 
Character data matrix of eight taxa of Protura and Collembola 


Таха Protura — Gulgastrura Hypo- Onychiuridae Neanuridae Isotomidae Entomo- Tomo- 
reticulosa gastruridae bryidae ceridae 
character 
1 0 0 1 0 1 1 2 1 
2 1 0 0 0 0 1 1 1 
3 0 1 1 1 1 1 2 1 
4 0 1 1 1 3 1 1 2 
5 0 1 1 1 1 1 2 3 
6 0 2 1 1 1 1 1 1 
7 0 3 1 2 1 1 1 3 
8 0 3 ] 2 1 0 3 3 
9 1 1 1 0 1 1 1 1 
10 1 1 0 1 0 0 0 0 
ll 1 0 0 0 1 0 0 0 
12 0 1 1 1 1 1 1 1 
13 1 0 0 0 0 2 2 2 
14 0 0 0 0 0 1 1 1 
15 0 0 0 0 0 0 1 2 
16 0 0 0 0 0 1 2 2 
17 0 0 0 0 0 1 2 2 
18 0 0 0 0 0 0 1 2 
19 0 0 0 0 1 2 2 2 
20 0 1 1 1 1 1 1 1 
21 0 1 1 1 1 1 1 1 
22 0 0 0 0 0 0 1 0 
23 0 1 1 1 1 1 1 1 
24 0 1 1 1 1 = 4 1 1 
25 0 3 1 3 3 1 2 2 
26 0 3 1 3 3 1 2 2 
27 0 0 0 0 0 1 1 2 
28 1 1 0 0 0 1 1 1 


One of them. Hvpogastruridae. branched first and Neanuridae next as a 
sister group of Onychiuridae and Gulgastrura. In the other branch, 
Isotomidae came off first and then Tomoceridae next with Entomo- 
brvidae. : 

Total length of 18S rDNA of the seven species ranges from 1805 
io 1811, indicating that there is little length variation among the 
species (Table 1). The total aligned set of nucleotides of the seven 
species is shown in Appendix 1. The unrooted tree resulting from the 
neighbor-joining method using the data matrix of Table 4 shows that 
Onychiuridae cluster with Gulgastrura, and Hypogastruridae with the 
Neanuridae (Fig. 2). These four groups are clearly separated from the 
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16 Protura 
4 —— Gulgastrura 
a 
1 — Onychiuridae 
2 
3 —— Neanuridae 
3 
Hypogastruridae 


р Isotomidae 


3 —— — Entomobryidae 
- el 
6 


Tomoceridae 


Fig. 1. Phylogenetic relationship of Collembola arthropleonan groups generated from maximum 
parsimony analysis based on morphological characters using PAUP. Numbers at nodes indicate 
the branch lengths at each node. 
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66 Onychiuridae 
Tomoceridae 
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78 Entomobryidae 


Fig. 2. Phylogenetic relationship of Collembola arthropleonan groups generated from neighbor- 
joining analysis of 18S rDNA sequence data. Numbers at nodes indicate the bootstrap percentages 
from 1000 samples 


remaining three groups as supported by the bootstrap value of 9895. 
Of three remaining groups, /sotomidae cluster with Entomobryidae 
rather than with Tomoceridae. 

Maximum parsimony analysis yielded a single minimum-length 
iree of 306 steps with 78 informative sites (Fig. 3A). The consistency 
index was 0.788. The sequence alignment gaps were excluded from 
the analysis. In this tree, Onychiuridae clusters with Gul/gastrura. 
Isotomidae combine with Tomoceridae, and these two groups have a 


Table 4 
Evolutionary distance data for 18S rDNA sequences of Collembolan species investigated. Upper right half gives JUKES and 
CANTCR (1969)-corrected estimates of sequence divergence calculated from the multiple aligned set of sequences with the compute 
distance program in MEGA version 1.01 (KUMAR et al., 1993) for use in a neighbor-joining analysis (SAITGU and NEI, 1987) 
г 


на Gr Og Ck Ic Hk Tk 
Hypogastruridae (Hd) — 0.0330 0.0430 0.0330 0.0301 0.0519 0.0389 
? (Gr) — 0.0424 0.0477 0.0400 0.0621 0.0483 
Onychiuridae (Og) — 0.0471 0.0495 0.0688 0.0513 
Neanuridae (Ck) -— 0.0471 0.0669 0.0531 
Isotomidae (Ic) = 0.0430 0.0336 
Entomobryidae (Hk) E 0.0573 


Tomoceridae (Tk) азе 
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sister group relationship with Entomobryidae, and then with the 
Hypogastruridae. However, bootstrap analvsis does not support the 
relationship of /sotomidae and Tomoceridae (Fig. ЗВ). It is noticeable, 
notwithstanding, that the three families, Jsotomidae, Entomobryidae 
and Tomoceridae, combined together conforming to the classical 
monophyly of the superfamily Entomobryoidea. 

The present results of the cladistic analysis of morphological 
characters agree with the traditional classification of Arthropleona in 
two superfamilies. However, the 18S rDNA sequence analysis yields 
only a limited support to this scheme. The neighbor-joining method 
supports clearly Poduroidean grouping but not the Entomobryoidean 
one (Fig. 2). The maximum parsimony method, however, does not 
support monophyly of the superfamily Poduroidea but suggests the 
single grouping of three families of Entomobryoidea. Considering 


47 Neanuridae 
17— — Hypogastruridae 
$8 18 Isotomidae 
8 
42 Tomoceridae 
24 
52 Entomobryidae 
- A 30— — — — — Gulgastrura 
13 m 
a ———À 


Onychiuridae 


Neanuridae 


Hypogastruridae 
66 Isotomidae 
| si] 
і Eniomobryidae 
93 
Tomoceridae 
| Gulgastrura 
B 50 


Onychiuridae 


Fig. 3. Phylogenetic relationship of Collembola arthropleonan groups generated from maximum 
parsimony analysis based on 18S rDNA sequences using PAUP. A, Minimum-length phylogenetic 
tree. Numbers at nodes indicate the branch lengths at each node. B, Bootstrap 50% majority- 
rule consensus tree. Numbers at each node indicate the bootstrap percentages from 1000 samples. 
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the smail number (78) of informative sites, the parsimony methods 
seem to be less applicable to such data than the neighbor-joining 
method. 

The present study reveals that the cladistic analysis of morphological 
characters supports the classical taxa of Poduroidea and Entomobryoidea 
respectively. With molecular analysis, however, the superfamily 
Poduroidea is not supported except by Neighbor-Joining even though 
the separation of Gu/gastrura from Hypogastruridae remains intact. 
For the superfamily Entomobryoidea, the grouping of the three families 
are supported only by maximum parsimony method. Close affinity of 
Entomobryidae to Tomoceridae resulting from the cladistic analysis 
of morhological characters supports the systems of PACLT (1956), 
CASSAGNAU (1971) and Маззоср (1976). However the 18S rDNA 
sequence analyses give contradictory results when the two different 
methods are used. Therefore, the conventional view of the sister group 
relationship between Tomoceridae and Entomobryidae remains to be 
solved, though the present morphological data analysis agrees with 
the traditional view of these two families. 
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Appendix І. 
Aligned sequence data of 185 rDNA from seven Collembola species. - indicates alignment gap. Ck - 
Crossodonthina koreana. Hd - Hypogastrura dolsana; Gr - Gulgastrura reticulosa; Og - Onvchiurus 
gangjinensis; іс - Isotema choi; Hk - Homidia koreana, Tk - Tomocerus kinoshitai. 


Ck  TCCCTGGTTGATCCTGCCAGTAGTCATATGCTIGTCTCAAAGATTAAGCCATGCATGTCTAAGTICAAGCGAAAAATAA 
Hd  TCCCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTTCAAGCGAAAA-TAA 
Gr TCCCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTTCAAGCAAAAA-TAA 
Og  TCCCTGGTTIGATCCTGCCAGTAGTCATATGCTIGTCTCAAAGATTAAGCCATGCATGTCTAAGTICAAGCAAAAA-TAA 
ic TCCCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTICAAGCGAAAA-TAA 
Hk TCCCTGGTTGATCCTGCCAGTAGTCATATGCTIGTCTCAAAGATTAAGCCATGCATGTCTAAGTTCAAGCGAAAA-TAA 
Tk TCCCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTICAAGCGAAAA-TAA 


Ck  AGTGAAACCGCGAATGGCTCATTATATCAGTTATGGTTCCTTAGATCGTACTTACTACTTGGATAACTGTGGTAATTCT 
Hd АСТСАААСССССААТОСС” CATTATATCAGTTATGGTTCCTTAGATCGCACTTACTACTIGGATAACTGTGGTAATTCT 
Ст AGTGAAACCGCGAATGGCTCATTATATCAGTTATGGTTCCTTAGATCGCACTTACTACTIGGATAACTGTGGTAATTCT 
Og | AGTGAAACCGCGAATGGC" CATTATATCAGTTATGGTICATTAGATCGCACTTACTACTIGGATAACTGTGGTAATICT 
Іс AGTGAAACCOCGAATGGCTCATTACATCAGTTATGGTICCTTAGATCGCACTTACTACTTGGATAACTGTGGTAATICT 

Hk = AGTGAAACCGCGAATGGCTCATTACATCAGTTATGGTTICCTTAGATCGCACTTACTACCTGGATAACTGTGGTAATTCT 
Tk AGTGAA-CCGCGAATGTCT CATTAAATCAGTTATGGTICCTTAGATCGCACTTACTACTTGGATAACTGTGGTAATTCT 


Ck | AGAGCTAATACATGCGTTIGGGCTCCAACTI TCG-GGAAGGAGCGCTTTTATTAGATCAAAGCCAATCGAACTCTCGGGTT 

Hd | AGAGCTAATACATGCGTTGGGCTCCAACCCTCGTGGACGGAGCGCTTTTATTAGATCAAAGCAAATCGGACCTICGGGTT 
Gr AGAGCTAATACATGCGCTGAGCTCCAACCCTCGTGGAAGGAGCGCTTTTATTAGATCAAAGCCAATCGGGCCTCCGGGTT 
Og AGAGCTAATACATGCGCTGGGCTCCAACCCTCTGGGAAGGAGCGCTTTTATTAGATCAAAGCCAATCGGACTTTCGGGTT 
Іс AGAGCTAATACATGCGCTGGGCCCCAACCCTCGTGGAAGGGGCGCTTTTATTAGATCAAAGCCAATCGGGCCTTCGGGTT 

Hk | AGAGCTAATACATGCGCACAGCCCCAACCCTCGTGGAAGGGGCGCTTTTATTAGATCAAAGCCAATCGGGTTIC—GGCT 
Tk AGAGCTAATACATGCGCTG3GGCCCCAACCCTCGTGGAAGGGGCGCTTTTATTAGATCAAAGCCAATCAGTCTTTCGGGAC 


Ck CGITIAATTGGTGACTCTGAATAACATTGCTGATCGCACGGTCTTGCACCGGCGACGTATCTTTCAAGTGTCTGCCTTAT 
Hd CGTTTIGTTGGTGACTCTGAATAACTTTGCTGATCGCACGGTCTCGTACCGGCGACGTATCTTTCAAGTGTCTGCCTTAT 
Gr CGTTTTGTTGGTGACTCTGAATAACTTTGCTGATCGCACGGTCTCGCACCGGCGACGTATCTTTCAAGTGTCTGCCTTAT 
Og CGTTTACTTIGGTGACTCTGAATAACTTTGCTGATCGTACGGICTCGCACCGACGACGTATCTTTCAAGTGTCTGCCTTAT 
ic CGTTTAATTGGTGACTCTGAATAACTTTGCTGATCGCACGGTCTCGTACCGGCGACGTATCTTTCAAGTGTCTGCCTTAT 
Hk CGTTTTTTTGGTGACTCTGAATAACTTTGCTGATCGCATGGTCTCGTACCGGCGACGTATCTTTCAAGTGTCTGCCTTAT 
Tk TGTTATGTTGGTGACTCTGAATAACTTTGCTGATCGTATGGTCTTGTACCGACGACGTATCTTITCAAGTGTCTGCCTTAT 


СК CAACTGTCGATGGTAGGTTATGCGCCTACCATGGTTGTAACGGGTAACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGC 
Hd CAACTGTCGATGGTAGGTTATGCGCCTACCATGGTTGTAACGGGTAACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGC 
Gr CAACTGTCGATGGTAGGTTATGCGCCTACCATGGTTGTAACGGGTAACGGGGAATCAGGGTTCGATTCCGGAGAACGGGT 
Og CAACTGTCGATGGTAGGTTATGCGCCTACCATGGTTGTAACGGGTAACGGGGAATCAGGGTICGATTCCGGAGAGGGAGC 
Іс CAACTGTCGATGGTAGGTTATGCGCCTACCATGGCGGTAACGGGTAACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGC 

Hk CAACTGTC JATGGTAAGTTATGCGCTTACCATGGTTGTAACGGGTAACGGGGAATTAGGGTTCGATTCCGGAGAGGGAGC 
Tk CAGCTGTCGATGGTAGGTTATGCGCCTACCATGGTTGTAACGGGTAACGGGGAATCAGGGTTCGATTCCGGAGAGGGAGC 


Ck CT-GAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCACTCCCAGAACGGGGAGGTAGTGACGAA 
Hd CT-GAGAAACGACTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCACTCCCGGCACGGGGAGGTAGTGACGAA 
Gr CT-GAGAAACGGCCAGTACTCTTAAGAGAGGCAGCAGGCGCGCAAATTACCCACTCCCGGCACGGGGAGGTAGTGACGAA 
Og TTCGAGAAATAGCTACCACCTCTAAGGAAGGCAGCAGGCGCGCAAATTACCCACTCCCGGCACGGGGAGGTAGTGACGAA 
. Ie CT-GAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCACTCCCAGCTCGGGGAGGTAGTGACGAA 
Hk  CT-GAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCACTCCCAGCACGGGGAGGTAGTGACGAA 
ТК CT-GAGAAACGGCTACCACGTCCAAGGAAGGCAGCAGGCGCGCAAATTACCCACTCCCGGCACGGGGAGGTAGTGACGAA 


AAATAACGATACGGAACTCATACGAGGCTCCGTAATCGGAATGAGTACACTTTAAATCCTTTAACAAGGATCCATTGGAG 
AAATAACGATACGGAACTCATACGAGGCTCCGTAATCGGAATGAGTACACTTTAAATCCTITAACGAGGATCTATTGGAG 
AAATAACGATAGGGAACTCATACGAGGCTCCGTAATCGGAATGAGTACACTTTAAATCCTTITAACGAGGATCTATTGGAG 
AAATAACGATACGGAACTCATACGAGGCTCCGTAATCGGAATGAGTACACTTTAAATCCTITAACGAGGATCTATTGGAG 
Іс AAATAACGATACGGAACTCTTACGAGGCTCCGTAATCGGAATGAGTACACTTTAAATCCTTTAACGAGGATCTATTGGAG 
Hk AAATAACGATGCTAAACTCATACGAGGCTTAGCAATCGGAATGAGTACACTTTAAATCCTTTAACGAGGATCTATTGGAG 
Tk AAATAACGATACGGAACTCATACGAGGCTCCGTAATCGGAATGAGTACACTTTAAATCCTTTAACGAGGATCTATTGGAG 


Ck GGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATCAGAATTGTTGTGGTTAAAAAGCTCGTAG 
Hd GGCAAGTCTGGTGCCAGCAGCCGCGGTAATICCAGCTCCAATAGCGTATATTAAAGTTGTTGTGGTTAAAAAGCTCGTAG 
Gr GGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGCTGTGGTTAAAAAGCTCGTAG 
Og GGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGCTGTGGTTAAAAAGCTCGTAG 
Іс GGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAATGTTGTTGCGGITAAAAAGCTCGTAG 

Hk GGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAATTTTGCTGTTGITAAAAAGCTCGTAG 
ТК GGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTGCGGTTAAAAAGCTCGTAG 


Ck TTGGATCTCGGTTICAGGTGAATGGTGCATCTTGCGATGTTTTACTATTTGCTTGGACGATTTTGTTGGTTCGTTCATAG 
Hd TTGGATCTCGGTTICAGATGGGCGGTGCACCTTGCGGTGTIT-ACTGTCTGTTTGGACGATTTTGTTGGTTCGTTCATGG 
Gr TTGGATCTCGGTTICGGGTGAGCGGTGCACCTTGCGGTGTTT-ACTGTITGCCCGGACGATTTTGTTGGTTCGTTTATGG 
Og TIGGATCTCGGTTICGGATGATCGGTGC—TTGCGGTGTCT-ACTGGTTGTTCGGACGATTTTGTTGGTTCGTTTATAG 

1с TIGGATCTCCGTTTCGGGCGAGCGGTGCACCTTGCGGTGTTT-ACTGCCTGCCCGGACGATTTTGTTGGTTCGTTTATGG 
Hk TTGGATCTCGGTTITCGGGCGGGTGGTGCGCCTTGCGGCGTTT-ACTGTCTGCCCGGACGATTATGTTGGTTCGTTCATGG 
Tk TIGGATCTCGGTTTCGGTTGGGTGGTGCACCTTGCGGTGTTT-ACTGTCTGACCGGACGATTTTGTTGGTTCGTGTATAG 


FER 


Ck 


GGGGGAGTATGGTTGCAAAGCTGAAACTTAAAAGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTT 
GGGGGAGTATGGTTGCAAAGCTGAAACTTAAAAGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTT 
GGGGGAGTATGGTTGCAAAGCTGAAACTTAAAAGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTT 
GGGGGAGTATGGTTGCAAAGCTGAAACTTAAAAGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTT 
GGGGAAGTATGGTTGCAAAGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTT 
GGGGAAGTATGGTTGCAAAGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTT 
GGGGAAGTATGGTTGCAAAGCTGAAACTTAAAGGAATT GACCGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTT 


GACTCAACACGGGAAATCTCACCAGGCCCGGACACCGGAAGGATTGACAGATTGAGAGCTCTTTCTTGATTCGGTGGGTG 
GACTCAACACGGGAAATCTCACCAGGCCCGGACACCGGAAGGATTGACAGATTGAGAGCTCTTTCTTGATTCGGTGGGTG 
GACTCAACACGGGAAATCTCACCAGGCCCGGACACCGGAAGGATTGACAGATTGAGAGCTCTTTCTTGATTCGGTGGGTG 
GACTCAACACGGGAAATCTCACCAGGCCCGGACACCGGAAGGATTGACAGATTGAGAGCTCTTTCTTGATTCGGTGGGTG 
GACTCAACACGGGAAATCTCACCAGGCCCGGACACCGGAAGGATTGACAGATTGAGAGCTCTTTCTTGATTCGGTGGGTG 
GACTCAACACGGGAAAACTCACCAGGCCCGGACACCGGAAGGATTGACAGATTGAGAGCTCTTTCTTGATTCGGTGGGTG 
GACTCAACACGGGAAATCTCACCAGGCCCGGACACCGGAAGGATTGACAGATTGAGAGCTCTTICTTGATTCGGTGGGTA 


GTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATTCCGATAACGAACGAGACTCTGGCCTATTAACT 
GTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATTCCGATAACGAACGAGACTCTGGCCTACTAACT 
GTGGTGCATGGCCGTTICTTAGTTIGGTGGAGCGATTTGTCTGGTTAATTCCGATAACGAACGAGACTCTGGCCTACTAACT 
GTGGTGCATGGCCGTTCTITAGTIGGTGGAGCGATTTGTCTGGTTAATTCCGATAACGAACGAGACTCTGGCCTACTAACT 
GTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATTCCGATAACGAACGAGACTCTGGCCTACTAACT 
GTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATTCCGATAACGAACGAGACTCTGGCCTACTAACT 
GTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATTCCGATAACGAACGAGACTCTGGCCTACTAACT 


AGACGTTATATCCTATTATGGGITIGACGATGCTICTTAGAGGGACGGGCGGCTTTTAGCCGCACGAGAATGAGCAATAA 
AGACGTCAGATCC-TTTATGGGTCTGTCGTAGCTTCTTAGAGGGACGGGCGGCGTTTAGCCGCACGAGAATGAGCAATAA 
AGACGACAGATTC-TTTA-GGGTTTGTCGTAGCT TCTTAGAGGGACGGGCGGCGTTTAGCCGCACGAGATTGAGCAATAA 
AGACAATGTATCC—TCG-GGGTTCATTGCTGCTICTTAGAGGGACGGGCGGCTTTTAGCCGCACGAGAATGAGCAATAA 
AGACGTIAGATCCCTTTGTGGGTCTATCGCAGCTTCTTAGAGGGACGGGCGGCGTTTAGCCGCACGAGATTGAGCAATAA 
AGACGTTGGATCCCTT-GTGGGTCCAACGCAGCTTCTTAGAGGGACGGGCGGCGTTTAGCCGCACGAGAATGAGCAATAA 
AGACGTCGGATCCCTTTGTGGGTTCGTCGCAGCTTCTTAGAGGGACGGGCGGCGTT TAGCCGCACGAGATTGAGCAATAA 


CAGGTCTGTGATGCCCTTAGATGTICTGGGCTGCACGCGCGCTACACTGAAGAAAT-CAGCGTGTGCTCCCTATCCGAAA 
CAGGTCTGTGATGCCCTTAGATGTICTGGGCTGCACGCGCGCTACACTGAAGAAAT-CGGCGTGTGTTCCCTATCCGAAA 
CAGGTCTGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGAAGAAATGCAGCGTGTGTTCCTTATCCGAAA 
CAGGTCTGTGATGCCCTTAGATCTICTGGGCTGCACGCGCGCTACACTGAAGAAAT-CAACATGTCTTCCCTATCCGAAA 
CAGGTC-GTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGAAGGAAT-CAGCGTGTGTICCCTATTCGAAA 
CAGGTCTGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGAAGGAAT-CAGCATGTGTICCCTGTCCGAAA 
CAGGTCTGTGATGCCCTTAGATGTTCTGGGCTGCACGCGCGCTACACTGAAGGAAT-CAGCGTGTGTTCCCTATTCGAAA 


Ck TICTCTTTACTGAGTGCTTTGAGTGGCCAGCACGTT TACTTTGAAAAAATTGGAGTGCTCAAAGCAGGCGCTACAGCCTG 
Hd TTCTCTTAATCGAGTGCCTTGAGTGGCCAACACGTITACTTTGAAAAAATTGGAGTGCTCAAAGCAGGCGCTACAGCCTG 
Gr ТТСТСТТААС "GAGTGCCATAAGTGGCCAGCACGTITACTTTGAAAAAATTGGAGTGCTCAAAGCAGGCGCTACAGCCTG 
Og TTGTCTTAACCGATTGCTATGAGTGGCCAGCACGTTITACTTTGAAAAAATTGGAGTGCTCAAAGCAGGCGCTACAGCCTG 
Іс TTCTCTTAATCGAGTGCCATAAGTGGCCAGCACGTTTACTTTGAAAAAATTGGAGTGCTCAAAGCAGGCGCTACAGCCTG 

Hk = TGCTCTTAATCGGGTGCCTTGAGTGGCCAGCACGTTTACTTTGAAAAAATTGGAGTGCTCAAAGCAGGCGCTACAGCCTG 
Tk TGGTCTTAACCGATTGCTATATGTGGCCAGCACGTTTACTTIGAAAAAATTGGAGTGCTCAAAGCAGGCGCTACAGCCTG 


Ck AACATTAGTGCATGGAATAATAGAATAGGATCTCGGTTCTATTTTGTTGGCTTTCGGAGTCGAGGTAATGATTAATAGGG 
Hd AACATTAGTGCATGGAATAATGGAATAGGATCTCGGTTCTATTTCGTTGGCTTTCGGAGTCGAGGTAATGATTAATAGGG 
Gr AACATTAGTGCATGGAATAATGGAATAGGATCTCGATTCTATTTCGTTGGCTTTCGGAGTCGAGGTAATGATTAATAGGG 
Og AACATTAGTCCATGGAATAATGGAATAAGATCTCGATTTTATTTCGTTGGCTITCGAAGTCGAGGTAATGATTAATAGGG 
lc AACATTAGTGCATGGAATAATGGAATAGGATCTCGGTTCTATTTCGTTGGCTTTCGGAGTCGAGGTAATGATTAATAGGG 

Hk | AACAATTGTGCCATGGAATAATAGAATAGGATCTCGGTTCTATTTCGTTGGCTTTCGGAGTCGAGGTAATGATTAATAGGG 
Tk AACATTAGTCCATGGAATAATGGAATAGGATCTCGGTTCTATTTCGTTGGCTTTCGGAGTCGAGGTAATGATTAATAGGG 


Ck ACAGACGGGGGCATTCGTACTGCGACGTTAGAGGTGAAATTCTTGGATCGTCGCAAGACGAACTACTGCGAAAGCATTTG 
Hd  ACAGACGGGOGCATTCGTACTGCGACGTTAGAGGTGAAATTCTTGGATCGTCGCAAGACGAACTACTGCGAAAGCATTTG 
Gr ACAGACGGGGGCATTCGTACTGCGACGTTAGAGGTGAAATTCTTGGATCGTCGCAAGACGAACTACTGCGAAAGCATTTG 
Og ACAGACGGGGGCATICGTACTGCGACGTTAGAGGTGAAATTCTTGGATCGTCGCAAGACGAACTACTGCGAAAGCATTTG 
Іс ACAGACGGGGGCATTCGTACTGCGACGTTAGAGGTGAAATTCTTGGATCGTCGCAAGACGAACTACTGCGAAAGCATTTG 

Hk ACAGACGGGGGCATTCGTACTGCGACGTTAGAGGTGAAATTCTTGGATCGTCGCAAGACGAACTACTGCGAAAGCATTTG 
Tk ACAGACGGGGGCATTCGTACTGCGACGTTAGAGGTGAAATTCTTGGATCGTCGCAAGACGAACTACTGCGAAAGCATITG 


Ck  CCAAGAATGTTTICATTAATCAAGAACGAAAGTTAGAGGTTCGAAGGCGATCAGATACCGCCCTAGTTICTAACCATAAAC 
Hd | CCAAGAATGTTTICATTAATCAAGAACGAAAGTTAGAGGTTCGAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAAC 
Gr CCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGAGGTTCGAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAAC 
Og CCAAGAATGTTTTCATTAATCAAGAACGAAAGTTAGAGGTTCGAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAAC 
Ie CCAAGAATGTITICATTAATCAAGAACGAAAGTTAGAGGTTCGAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAAC 

НК CCAAGAATG"TTTCATTAATCAAGAACGAAAGTTAGAGGTTCGAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAAC 
ТК CCAAGAATGTTTTCATTAATCAAGAACGAAAGTTAGAGGTTCGAAGGCGATCAGATACCGCCCTAGTTCTAACCATAAAC 
Ck 


GATGTCGACCAGCGATCCGTCGTCGTTAATTTTAATGACTCGACGGGCAGCTTCCGGGAAACCAGAGTGTTTGGATTCCA 
Hd GATGTCGACCGGCGATCCGTCGTCGTTAATATTAATGACTCGACGGGCAGCCTCCGGGAAACCAGAGTGTTTGGATTCCA 
Gr GATGTCGACCAGCGATCCGTCGTCGTTAAT-TGAATGACTCGACGGGCAGCTTCAGGGAAACCAAAGTGTTTGGATTCCA 
Og GATGTCGACCAGCGATCCGTAGTCGTTAA-ATGTATGACTCTACGGGCAGCTTCTGGGAAACCAAAGTTTTTGGATTCCA 
le GATGTCGACCGGCGATCCGTTGTCGTTAAC-TGAATGACTCAACGGGCAGCCTCCGGGAAACCAGAGTGTTTGGATTCCG 
Hk GATGTCGACTGGCGATCCGGCTCCGITAAC-TGAATGACTAGCCGGGCAGTCTCTGGGAAACCAAAGTCTTTGGATTCAA 
Tk GATGTCGACCGGCGATCCGTCGTCGTTAAC-TGAATGACTCGACGGGCAGCCTCCGGGAAACCAGAGTGTTTGGGTCCCG 


СК GGATTGGA-AATCCGTIGAACCTICTICGTGATGGGGATIGGGGATTGCAATTATTCCCCATGAACGAGGAATT-CCAGT 
Hd GGATTGGGAAGCCCGTTGAACCTTCTICGTGATGGGGATTGGGGATTGCAATTATTCCCCATGAACGAGGAATTGCCAGT 
Gr GGATTGUGCAACCCGTTGAACCTTCTTCGTGATGGGGATTGGAGATTGCAATTATTCTCCATGAACGAGGAATTCCCAGT 
Og GGATIGGGTAATCCGTIGAAACTTCTICGTGATGGGGATTGGAGATTGCAATTATTCTCCATGAACGAGGAATT-CCAGT 
Іс GGATTGGGAAACCCGTIGAACCTCCTTCGTGATGGGGATTGGGGATTGCAATTATTCCCCATGAACGAGGAATTCCCAGT 
Hk GGATCGGGAAACCCTCTGAACCTCCTICGTGATGGGGATTGGCGATTGCAATTATTCCCCATGAACGAGGAATTCCTAGT 
Tk GGATTGGGCAACCCGTTGAACCTCCTTICGTGATGGGGATTGGGGATTGCAATTATTCCCCATGAACGAGGAATTCCCAGT 


Ck AGGCGCGAGTCATAAGCTIGCGTCGATTACGTCCCTGCCCTITGTACACACCGCCCGTCGCTACTACCGATCGAGTGATT 
Hd AGGCGCGAGTCATAAGCTTGCGTCGATTACGTCCCTGCCCTITGTACACACCGCCCGTCGCTACTACCGATCGAGTGATT 
Gr AGGCGCGAGTCATAAGCTIGCGTCGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTACTACCGATCGAGTAATT 
Og AGGTGCCAGTCATAAGCTTGCGCCGATTACGTCCCTGCCCTTITGTACACACCGCCCGTCGCTACTACCGATCGAGTGATT 
К AGGCGCCAGTCATAAGCTTGCGTCGATTACGTCCCTGCCCTITGTACACACCGCCCGTGGCTACTACCGATCGAGTGATT 

Hk  AGGCGTGAGTCATCAGCTTGCGTCGATTACGTCCCTGCCCTI TGTACACACCGCCCGTCGCTACTACCGATCGAGTGATT 
Tk AGGCGCGAGTCATAAGCTTGCGTCGATTACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTACTACCGATCGAGTGATT 
Ck 


TAGTGAGGACTTICGGACTGGTCTTCGATGTGGCTITACGGTCGTGTCGTIGTGCCGGAAAGATGCCCAAACTTGATTACT 
Hd TAGTGAGGACTTCGGACTGGTCTTCGATGTGGCTICCGGGTCGTGTCGGAGTACCGGAAAGATGCCCAAACTTGATTACT 
Gr TAGTGAGGACTTCGGACTGGTCTICGATGTGGCTTTCGGGTCGTGTCGGAGTTCTGGAAAGATGTCCAAACTTGATTATT 
Og TAGTGAGGACTTCGGACTGGTCTTCGATGTGGCTITCGGGTCGTGTCGGAGTGCCGGAAAGATGCCCAAACTIGATTACT 
Ic TAGTGACGCCTTCGGACTGGTCTTCGGTATGGCTTTCGGGTCGTGCCGGAGTACCGGAAAGATGACCAAACTTGATCACT 
Hk TAGTGAGGCCTTTGGACTGGTCTTCGTTATGGCCTTCGGGTCGTGCCGGAGTACCGGGAAGATGACCAAACTTGATTACT 
Tk TAGTGAGGACTTCGGACTGATCTTCAATGTGGCTTTICGGGTCATGCCGTAGTTTCGGAAAGATGCCCAAACTIGATCACT 


TAGAGGAAGTAAAAGTCGTAACAAGGTTICCGTAGGTGAACCTGCGGAAGGATCATTA 
TAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTA 
TAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTA 
TAGAGGAAGTAAAAGTCGTAACAAGGTTTICCGTAGGTGAACCTGCGGAAGGATCATTA 
TAGAGGAAGTAAAAGTCGTAACAAGGTTICCGTAGGTGAACCTGCGGAAGGATCATTA 
TAGAGGAAGTAAAAGTCGTAACAAGGTTICCGTAGGTGAACCTGCGGAAGGATCATTA 
TAGAGGAAGTAAAAGTCGTAACAAGGTTICCGTAGGTGAACCTGCGGAAGGATCATTA 
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